The anti-inflammatory effects of long-term ethanol intoxication were determined during ethanol treatment and withdrawal on the basis of neutrophil and eosinophil migration, hind paw edema and mast cell degranulation. Male Wistar rats (180-200 g, around 2 months of age) were exposed to increasing concentrations of ethanol vapor over a 10-day period. One group was evaluated immediately after exposure (treated group -intoxicated), and another was studied 7 h later (withdrawal group). Ethanol inhalation treatment significantly inhibited carrageenan-(62% for the intoxicated group, N = 5, and 35% for the withdrawal group, N = 6) and dextran-induced paw edema (32% for intoxicated rats and 26% for withdrawal rats, N = 5 per group). Ethanol inhalation significantly reduced carrageenan-induced neutrophil migration (95% for intoxicated rats and 41% for withdrawn rats, N = 6 per group) into a subcutaneous 6-day-old air pouch, and Sephadex-induced eosinophil migration to the rat peritoneal cavity (100% for intoxicated rats and 64% for withdrawn rats, N = 6 per group). A significant decrease of mast cell degranulation was also demonstrated (control, 82%; intoxicated, 49%; withdrawn, 51%, N = 6, 6 and 8, respectively). Total leukocyte and neutrophil counts in venous blood increased significantly during the 10 days of ethanol inhalation (leukocytes, 13, 27 and 40%; neutrophils, 42, 238 and 252%, respectively, on days 5, 9 and 10, N = 7, 6 and 6). The cell counts decreased during withdrawal, but were still significantly elevated (leukocytes, 10%; neutrophils, 246%, N = 6). These findings indicate that both the cellular and vascular components of the inflammatory response are compromised by long-term ethanol intoxication and remain reduced during the withdrawal period.
Introduction
The use of alcohol modulates various components of the host defense. Acute and long-term alcohol exposure has been shown to have deleterious effects on host defense (1) (2) (3) . Long-term alcohol consumption decreases the ability to fight against infections and reduces the ability of the impaired immune system to reject tumors (4) . A specific alcohol-induced immune modulation has been demonstrated in several human and animal studies. Impairment of neutrophil migration to inflammation sites and of leukocyte phagocytic function has also been demonstrated in chronic alcoholics (5) (6) (7) (8) .
Nevertheless, the mechanism and the role of other immune-inflammatory cells (i.e., macrophages, lymphocytes, eosinophils, mast cells) in this process are not completely understood.
Ethanol inhibits the production of inflammatory cytokines through alveolar macrophages in chronically ethanol-fed mice (5, 9, 10) and suppresses lipopolysaccharideinduced expression of inducible nitric oxide synthase (11, 12) , and tumor necrosis factor α (TNF-α) production. Recently, it was also reported that ethanol inhibits mast cell degranulation and TNF-α production (13) .
Most studies addressing alcohol-induced immune suppression have focused on either acute or chronic alcohol treatment. However, few studies have shown immune impairment during the withdrawal period that follows interruption of long-term exposure. Therefore, we investigated the inflammatory response in rats during ethanol treatment and withdrawal using the inhalation route, which is known to be an efficient method to obtain a constant and high serum ethanol concentration (14) and which has been extensively used in recent ethanol studies with rodents (15) (16) (17) . We also investigated the modulation of mast cell degranulation in this animal model.
Material and Methods

Animals
Male Wistar rats (180-200 g body weight) were housed in temperature-controlled rooms and received water and food ad libitum. The ethical guidelines described in the National Institutes of Health Guide for Care and Use of Laboratory Animals were followed throughout the experiments.
Drugs
The following drugs were used: carrageenan (Biochemical Products, Indianapolis, IN, USA), dextran 70 (Pharmacia/Pfizer, Belo Horizonte, MG, Brazil), toluidine blue, compound 48/80, and Sephadex (Sigma, St. Louis, MO, USA). All other chemicals were of analytical grade or equivalent.
Ethanol administration
The rats were kept in acrylic boxes (52 x 34 x 27 cm), where ethanol (99.5%, v/v) was delivered by an infusion pump at a constant rate of 97 mg/min onto a filter paper wick in a flask. A respirator pump delivered air through the flask into the chamber at 3.5 to 7 liters/min. The airflow was controlled with a calibrated flow meter. The rats were exposed to an increasing concentration of ethanol vapor over a 10-day period (14) .
After the 10-day exposure period the rats were removed from the chamber and observed for signs of withdrawal. Ethanol withdrawal was assessed using the single sign called "convulsion on handling". Rats were scored hourly for convulsions during a 14-h period according to a system modified from Goldstein (18) . A rat was lifted by the tail and observed for convulsions, and if no convulsions were observed the animal was gently spun 180º and examined. A scale of 0-2 was used as follows: 2, convulsions when the animal was lifted by the tail, often with onset delayed by as much as 1-2 s; 1, no convulsions when the animal was lifted by the tail, but convulsions after a gentle spin through 180º; 0.5, only a facial grimace after spinning, and 0, no convulsions. More than 90% of the rats exposed to ethanol vapor presented tremors, limb extension or convulsions within 7 h after withdrawal (mean score ± SEM = 1.72 ± 0.32), confirming that the dose was adequate for producing dependence on ethanol (14) . One group of animals was evaluated immediately upon removal from the chambers (treated groupintoxicated), and another group was studied 7 h after the interruption of ethanol inhalation (withdrawn group -withdrawn).
Inflammation reduction by ethanol
Air pouches
A subcutaneous 6-day-old air pouch was produced as described by Edwards et al. (19) . Briefly, on the 4th day of ethanol inhalation, the dorsal region of the rats was shaved and 20 ml of sterile air was injected subcutaneously. Three days later, 10 ml of sterile air was again injected into the air pouch to maintain the patency of the cavity. On the 10th day of ethanol inhalation (6 days after the initial injection of air), 500 µg/ml carrageenan was injected into the pouch 6 h before removal from the chamber (treated group). In the withdrawal group, 500 µg/ml carrageenan was injected into the pouch 1 h after removal from the chamber. The animals were sacrificed 6 h after the carrageenan injection. Control animals did not inhale ethanol and had saline or carrageenan injected into the air pouch. The pouch was washed with 5 ml phosphate-buffered saline (PBS) containing heparin (5 IU/ml) and 3% bovine serum albumin (BSA). The washout fluid was collected and total and differential leukocyte counts were performed by the method of Ribeiro et al. (20) .
Peritoneal cavity
The treated and withdrawal groups were treated with Sephadex (1.5 mg, 1 ml, ip). Control rats were treated with saline (1 ml, ip) or Sephadex (1.5 mg, ip), but ethanol vapor was not administered. The animals were sacrificed 24 h after Sephadex administration, and the peritoneal cavity was washed with 10 ml PBS containing heparin (5 IU/ml) and 3% BSA. Total and differential leukocyte counts in the lavage fluid were performed as described by Ribeiro et al. (20) .
Hind paw edema
Paw edema was induced by subplantar injection of carrageenan (300 µg/paw) or dextran (100 µg/paw) in a final volume of 0.1 ml into the right hind paw of rats. All drugs were dissolved in sterile saline. Control animals received sterile saline (0.1 ml/ paw). Paw edema was measured with a hydroplethysmometer (Ugo Basile 7140, Plethysmometer, Varese, Italy) immediately before and 1, 2, 3, and 4 h after the carrageenan or dextran challenges. The increase in paw volume (edema volume) was obtained by subtracting the paw volume measured before stimulus injection (21) . The area under the time-course curve was calculated using the trapezoidal rule, and results are reported in arbitrary units.
Leukogram
With each animal serving as its own control, a leukogram was obtained before (day 0) and on the 5th, 9th and 10th day of ethanol inhalation. Total and differential white blood cell counts were performed on blood samples collected from a tail vein using a Neubauer chamber and blood smears stained with a HEMA 3™ Stain Set (Pittsburgh, PA, USA).
Mast cell depletion
After the ethanol treatment, the animals were killed by cervical dislocation, a laparotomy was performed and segments of mesentery were removed and incubated with 20 ml Locke-Ringer's solution, or Locke-Ringer's solution plus compound 48/80 (0.8 µg/ml) for 30 min at room temperature. Compound 48/80 (0.8 µg/ml) was used to induce mast cell degranulation. After the incubation period, the tissues were placed on microscope slides, stained with toluidine blue for 2 min and then washed with distilled water and allowed to dry. The percent of mast cell degranulation was determined by counting 100 cells using a conventional light microscope.
Statistical analysis
Data are reported as means ± SEM. Sta-tistical evaluation was performed by analysis of variance (ANOVA) followed by the Bonferroni test. Statistical differences were considered significant at P < 0.05.
Results
Paw edema
Subplantar injection of carrageenan induced a progressive paw edema that reached a maximal value by 3 h. The edema induced by carrageenan was significantly reduced by long-term ethanol inhalation in both the intoxicated and withdrawn groups (62 and 35% inhibition, respectively, P < 0.05; Figure 1 ). Dextran induced a more intense paw edema of more rapid onset which peaked at 2 h and remained elevated up to 4 h after injection. The edema induced by dextran was also significantly reduced by long-term ethanol inhalation in both groups tested (intoxicated: 32.2% inhibition; withdrawn: 26.4% inhibition, P < 0.05; Figure 2 ).
Neutrophil and eosinophil migration
Long-term ethanol inhalation effectively reduced carrageenan-induced neutrophil migration into a subcutaneous 6-day-old air pouch (intoxicated group: 95%; withdrawn group: 41%, P < 0.05) compared to control animals ( Figure 3A ). Similar significant inhibition was observed in Sephadex-induced eosinophil migration into the peritoneal cavity (intoxicated group: 100%; withdrawn group: 64%, P < 0.05; Figure 3B ).
Mast cell degranulation
Compound 48/80 is known to induce extensive mast cell degranulation (22) . Longterm ethanol inhalation produced a significant decrease in the percentage of compound 48/80-induced mast cell degranulation (positive control: 82.2% vs intoxicated: 49.1% and withdrawn: 51.1% degranulated mast Rat paw edema was induced by intraplantar injection of dextran (Dx, 300 µg/0.1 ml) in animals exposed to ethanol vapor for a 10-day period (intoxicated or treated group, Trt) and animals pretreated with ethanol and submitted to 7 h of withdrawal (withdrawn group, Wth). A, Edema was measured at 1, 2, 3, and 4 h after the inflammatory challenge and is reported as the mean ± SEM of the increase in paw volume (ml) compared to basal volume for 5-6 animals per group. B, The area under the curve was determined using the trapezoidal rule. Data are reported as means ± SEM for 5-6 animals per group. Control animals (-) received Dx, but no ethanol vapor. The saline group (Sal) received only saline (0.1 ml). *P < 0.05 compared to control (-); + P < 0.05 compared to the saline group (ANOVA followed by the Bonferroni test).
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Peripheral blood leukocytes
The leukogram performed during ethanol treatment showed a progressive increase in total leukocyte and neutrophil counts throughout the 10 days of observation. Both cell types were already significantly increased from the 5th day and reached a peak on the 10th day (P < 0.05; Figure 4 ). Even 7 h after interruption of ethanol administration, the leukocyte and neutrophil counts, although Effect of ethanol inhalation on carrageenaninduced neutrophil migration into a 6-day-old subcutaneous air pouch (A), on Sephadex-induced eosinophil migration into the rat peritoneal cavity (B) and on compound 48/80-induced mast cell degranulation in the rat mesentery (C). Animals were exposed to ethanol vapor for 10 days (intoxicated or treated group, Trt) and a second group was exposed to ethanol vapor for 10 days followed by 7 h of withdrawal (withdrawal group, Wth). Panel A Panel A Panel A Panel A Panel A, Carrageenan (Cg, 500 µg) was injected into the air pouch of animals of the intoxicated and withdrawal groups and neutrophil migration was determined 6 h after the carrageenan challenge. Control animals (-) received carrageenan but no ethanol vapor. The saline group (Sal) received only saline (1.0 ml/ cavity). Data are reported as the mean ± SEM of the number of neutrophils x 10 6 /ml for 5-6 rats per group. *P < 0.05 compared to control (-); + P < 0.05 compared to the saline group (Sal; ANOVA followed by the Bonferroni test). Data are reported as the mean ± SEM of the number of eosinophils x 10 6 /ml for 6 rats per group. *P < 0.05 compared to control (-); + P < 0.05 compared to the saline group (ANOVA followed by the Bonferroni test).
The mesenteries of rats exposed to ethanol vapor were incubated with compound 48/80 (0.8 µg/ ml) in Locke-Ringer's solution for 30 min. In the positive control group (-), the animals were not submitted to ethanol vapor. The mesentery of control rats (LRs) not submitted to ethanol vapor was incubated with Locke-Ringer's solution without compound 48/80. Data are reported as the mean ± SEM of the percentage of mast cells undergoing degranulation, for 6-8 animals per group. *P < 0.05 compared to the positive control group (-); + P < 0.05 compared to the control group (LRs) (ANOVA followed by the Bonferroni test).
decreasing, were still significantly increased when compared to initial values.
Discussion
Acute and chronic ethanol administration has long been known to produce a variety of pathologic tissue changes. In order to study and understand the mechanisms underlying ethanol addiction and withdrawal, efforts have been made to reproduce some of these pathologic changes in experimental models. Several in vivo studies have demon-the magnitude of the inflammatory response.
In the present study we present evidence showing that long-term ethanol administration has an anti-inflammatory effect. Carrageenan-and dextran-induced paw edema was significantly reduced by long-term ethanol inhalation. Both kinds of edema were also reduced in the withdrawal group. Carrageenan and dextran have been shown to increase vascular permeability through different mechanisms. While dextran induces fluid accumulation due to mast cell degranulation with little protein and few neutrophils, carrageenan induces a protein-rich exudate containing a large number of neutrophils (22) . Since ethanol inhalation showed an inhibitory effect on carrageenan and dextran-induced edema, we assume that ethanol treatment reduces both polymorphonuclear leukocytedependent and mast cell-dependent edema.
We also showed that long-term ethanol administration in both treated and withdrawal groups significantly inhibited mast cell degranulation induced by compound 48/80. Our data are consistent with those that showed that in vitro ethanol treatment attenuated IgE-induced degranulation of mouse bone marrow-derived mast cells (13) . Thus, the impairment of mast cell degranulation seen in ethanol-treated animals could account for the reduction of paw edema induced by dextran, a well-known edema dependent on histamine and other mediators released from mast cells. Furthermore, ethanol markedly reduced the increased vascular permeability caused by histamine and serotonin in Wistar rats (24) , an effect that could further explain the decrease in rat paw edema in ethanoltreated animals.
The present results also show that ethanol treatment inhibited the carrageenan-induced neutrophil migration and the Sephadex-induced eosinophil migration to a 6-day-old air pouch and peritoneal cavity, respectively, in both the treated and withdrawn groups. The inhibition of neutrophil migration in response to ethanol treatment is con- Figure 4 . Effect of ethanol inhalation on total leukocyte (A) and neutrophil (B) counts in peripheral blood of normal animals. The leukogram was determined before (day 0) and on the 5th, 9th, 10th, and 10th day + 7 h of ethanol withdrawal. Each point represents the mean ± SEM of the number of leukocytes or neutrophils x 10 6 /ml for 5-6 rats per group. The dashed line is the horizontal extension of the values obtained on day 0. *P < 0.05 compared to the control period (day 0; ANOVA for repeated measurements, followed by the Bonferroni test).
strated that acute alcohol intoxication inhibits neutrophil chemotaxis and suppresses the responses to various inflammatory stimuli (23) . However, there are few studies correlating the effects of ethanol on the inflammatory process using model of physical dependence on ethanol induced by inhalation and the withdrawal syndrome model. In the present study, we also used the inhalation route because this route is considered to be an efficient method to obtain a constant serum ethanol concentration (14) . A sign of withdrawal (convulsions on handling) here detected appeared to reach a peak at 7 h, but high values were also obtained between 6 and 11 h (data not shown), a result closely similar to the findings of previous reports (14, 18) . Although these results indicated that the dose was sufficiently high to produce dependence on ethanol, they do not allow the conclusion that there is a relationship between abstinence duration and changes in It has been demonstrated that carrageenan-induced neutrophil migration occurs by a process dependent on the release of chemotactic mediators by resident cells (25, 26) . Thus, it is possible that the inhibitory effect of ethanol on carrageenan-induced neutrophil recruitment could occur by an inhibitory action on the release of chemotactic agents such as leukotriene B 4 , TNF-α, interleukin 1 or 8 from macrophages and/or mast cells. In agreement with this possibility is the fact that it has been demonstrated that ethanol pretreatment inhibits both interleukin 8 and TNF-α production by human mononuclear cells in vitro (27) . Additionally, it has been shown that the production of inflammatory cytokines by alveolar macrophages from long-term ethanol-fed mice is reduced, potentially contributing to lung infections (9, 10) . Similarly, the Sephadex-induced eosinophil recruitment was also inhibited in both the treated and withdrawn groups. As is the case for neutrophil migration, Sephadex-induced eosinophil migration occurs by a process dependent on the release of chemotactic substances by resident cells (28, 29) , which may be inhibited by long-term ethanol administration. In order to investigate the relationship between polymorphonuclear production and its delivery to the site of inflammation, we performed a leukogram over the 10-day period of ethanol inhalation and 7 h after ethanol withdrawal. A progressive increase in the number of neutrophils in peripheral blood was detected, with a peak on the tenth day. Seven hours after the interruption of ethanol exposure, the leukocyte count was significantly decreased, probably due to a decrease in mononuclear cell count (data not shown). This result suggests that the inhibition of neutrophil migration is not attributable to the induction of peripheral neutropenia. Therefore, a possible explanation for the increase in circulating polymorphonuclear neutrophils in intoxicated animals could be a decreased adherence, leading to demargination or changes in vascular permeability which could prevent cell movement out of the vascular compartment. Thus, we can suggest at least two ways by which ethanol might inhibit neutrophil recruitment: 1) interference with chemotactic mediator release, and 2) downregulation of adhesion molecule expression in polymorphonuclear cells or endothelial cells. Consistent with the latter hypothesis, it has been shown that the FMLP-induced upregulation of Mac-1, an adhesive glycoprotein involved in neutrophil migration, is inhibited by ethanol (30) . The two mechanisms suggested here could also be responsible for ethanol-mediated inhibition of eosinophil migration and of other cells involved in the immune-inflammatory response.
Some evidence suggests that the antiinflammatory effect of ethanol is not significant under in vivo conditions of long-term alcohol consumption (31) . The authors of the latter study suggested that neutrophils have the ability to overcome ethanol inhibition under conditions of prolonged ethanol treatment. However, our data demonstrate that the effects of long-term ethanol administration on neutrophils and other blood elements persist even 7 h after interruption of ethanol exposure. These differing results may be explained by the fact that the inhalation method used here permits a continuous intoxication and a more stable blood alcohol concentration than the model of long-term oral consumption. Since during the withdrawal period, the inhibition of the inflammatory response seems to be recovering, especially regarding the polymorphonucleardependent events, it is possible that these effects observed during withdrawal are lasting consequences of ethanol treatment.
Thus, both the cellular and vascular components of the inflammatory response are compromised by long-term exposure to etha-nol, and this impairment persists during the withdrawal period. Finally, our data on paw edema, leukocyte migration and mast cell degranulation from withdrawal group suggest that the immune system may still be depressed throughout the period following alcohol consumption.
